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MOID — minimum orbit C
intersection distance

LOV - line of variation

Uncertainty




Apophis

Risk Corridor

Uncertainty

Impact Probability =
1in 233,000

13 April 2036
LOV - line of variation 08:53 UT

Earth
@ 3.27 sigma
+/- 5 sigma LOV !

12,840 kilometers
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Outgoing period
P =~426.125 days

cge — close gravitational =1.167 yrs

encounter

Vrel = 5.86 km/

Apophis
close encounter
geometry

Friday, 13 April 2029 Vrel = 5.86 knysec
~21:00 UT

deltaV = 2.83 km/sec

Incoming period
P = 323.588 days
= 0.886 yrs



7/6 Keyhole
Total impulse required
1e4 newton seconds
0.6 kilometers

Total impulse required
1.15e8 newton seconds
10,000+ kilometers

Primary Deflection =
Miss the Earth

12,840 kilometers

Trim =
Guide between keyholes
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0.32 cm/sec

~32 km/sec

Earth

2.0 years + 2 min

N\

2 min X 6 orbits =
12 minutes late




Av plot: NEO 2004 MN4

=l Impact date: 2036 Apr. 13, 08:51:40 UT

2020 2030

Epoch of interception (yr)



Keyholes and A V requirement
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Keyholes and A V requirement




Maximum Impact Probability vs. Decision Time







Current Deflection Capability

Kinetic Impact

Pushes the asteroid via
direct impact
(Kl = robust but imprecise)

Gravity Tractor

Precisely determines NEO
orbit (via transponder)

Pulls the asteroid using
mutual gravity as a tow-rope
(GT = weak but precise)



Standoff Nuclear
Explosion

Explosively vaporizes
surface off NEO to create an
impulsive push

(robust but imprecise)







